(NH4)2SO4, 1 g; plus 0.5 per cent glycerol (rather than glucose) as carbon and energy source. Cultures from an inoculum of resting cells were grown at 37 C with shaking for 3 to 4 hr, to a concentration of 108 cells per ml. Commonly, inducers were then added and shaking was continued with sampling for turbidity and enzyme activities at desired times.
Enzyme assays. Deaminase activity was determined with toluene-treated cells by measuring a-keto acid production (Wood and Gunsalus, 1949) . The assay could usually be run directly in the growth medium. Tubes containing 0.2 ml of a substrate solution (0.04 M amino acid, 0.01 M Na formate, and 0.4 mg/ml versene in 0.04 M phosphate, pH 8.0) plus 0.02 ml toluene were placed at 37 C, and 0.2 ml of cells were added. Tubes were mixed, incubated 20 min at 37 C, and then the reaction was stopped by adding 0.9 ml 1.2 N HCl containing 0.17 mg/ml 2,4-dinitrophenylhydrazine. The tubes were left at room temperature for at least 20 min. Then 1.7 ml of 2.5 N NaOH was added and optical density was determined within 30 min at 520 m,u with the Beckman spectrophotometer. Half as many cells were used for the more active D-serine deaminase. Activities are presented as mju moles a-keto acid formed per min per 0.2 ml cells under these assay conditions.
If substances in the medium such as inhibitors or keto acids interfered with the assay, aliquots of cells were pipetted into chilled tubes containing 0.1 volume of cold 0.1 M phosphate, pH 8.0, in which were 2 mg/ml versene, 0.15 mg/ml chloromycetin, and 0.01 M Na formate. The chilled cells were Wood and Gunsalus (1949) and Metzler and Snell (1952) it is clear that there is at least one L-serine plus L-threonine deaminase and one D-serine plus D-threonine deaminase in E. coli, as shown by separation of activities and different cofactor requirements. The former workers suggested that one enzyme was responsible for both L-deaminase activities, but evidence was not conclusive. In the present work, an attempt was made to induce only one enzyme of a pair. If widely different ratios of two activities are obtained under different conditions, it may be concluded that more than one enzyme is involved. From table 1 it is seen that the ratio of L-serine deaminase activity to L-threonine deaminase can vary widely (from 0.15 to 2.3), and similar variations were found in numerous cases. By contrast, addition of D-serine to the medium increased the deaminase activity on D-serine and D-threonine in proportion. In all media tested and at all times of induction, when appreciable enzyme was present, the ratio of D-serine deamination to D-threonine deamination was 5.5 + 0.5. It is concluded that at least three different enzymes are required: L-serine deaminase, L-threonine deaminase, and D-serine deaminase (which also deaminates D-threonine). These results are in agreement with the recent report of Sayre and Greenberg (1955) that L-serine and L-threonine deaminases from liver are separable. More recently Boyd and Lichstein (1955) have concluded that serine and threonine deamina in E. coli are different enzymes.
Cells active on D-or L-serine showed no more keto acid production on DL-cysteine than did unadapted celLs. Activity on DL-allothreonine of cells grown in minimal medium plus D-serine was 7 per cent that on D-serine.
Requirements for L-serine deaminase induction. To determine which components of hydrolyzed casein stimulated L-serine deaminase production, L-amino acids at 25 ,ug/ml (and also adenine and uracil) were added to the medium singly. The most stimulatory were glycine and L-leucine. Addition of both amino acids stimulated induction considerably more than the sum of the two separate stimulations (table 2) glycine plus 25 ,ug/ml L-leucine (table 2) . These concentrations probably represent the amount surviving metabolism for 90 min, and the true saturating concentration is probably far less. For example 1 ,g/ml L-leucine was % as effective as 25 ,g/ml for 30 min. These inducer concentrations are greatly below the saturating substrate concentration for the assay of 1000 sg/ml (Wood and Gunsalus, 1949; and Metzler and Snell, 1952) . Possibly, however, amino acids are concentrated by the bacteria so that their intracellular concentration is much higher than in the medium.
Instability of L-8erine deaminase. The experiments were performed in the same way as in table 1. Each culture in minimal medium contained 100 ,ug/ml glycine and 25 pg/ml of the L-form of the compound listed. Induction time was 60 min and turbidity increased 100 per cent in all cases except when DL-norvaline was added (+65 per cent).
biological assay revealed less growth than would be given by 1 per cent as much L-leucine, and this quantity of L-leucine had little activity in forming the enzyme over a 60-min period. D-Isomers were not effective, nor was isovaleric acid.
Affinity of substrate for the enzyme forming system. As seen in table 5, L-serine had little inhibitory effect on L-serine deaminase formation, The experiments were carried out in the same way as in table 1. In experiment 1, induction was for 60 min with 100 pg/ml glycine plus 25 ,g/ml L-leucine. In experiment 2, induction was for 90 min with 150 ,ug/ml D-serine plus 25 ,ug/ml L-leucine. General requirements for enzyme formation. An energy source was required for induction, since cells resuspended in a medium minus glycerol, plus glycine and L-leucine, did not form L-serine deaminase in 1 hr. Cells in the lag phase of growth formed neither the D-nor L-deaminase.
The phenylalanine analog, DL-,B-2-thienylalanine, at 5 ,g/ml completely suppressed D-or L-serine deaminase induction. Ability of cells to form either enzyme with excess inducer present was not reduced by 0.5 per cent glucose (table 5) but was reduced about 30 per cent by 2 per cent glucose. This is a smaller effect than was observed by Gale and Stephenson (1938) . D-Serine deaminase induction. The most effective inducer for D-serine deaminase was D-serine.
The saturating concentration was less than 150 ,Ag/ml (table 2) . DL-Serine methyl ester was half as active as D-serine, but its effect could very well be due to D-sermie produced by hydrolysis. Mallette, 1954; Mandelstam, 1954) . The intracellular concentration of L-serine could be regulated in intact cells by means of a balance of synthesis from glycine and removal by the deinase, formation of which is stimulated by glycine.
There seems to be little point in commenting on the structural relations of the several compounds active or inactive in inducing L-serine deaminase formation, in view of difficulties associated with possible metabolic changes, permeability barriers, and impurities present in the compounds. The structural requirements for the leucine-like inducers appear more stringent than those for the serine-like ones. The L-a-aminobutyric acid structure is common to the latter compounds with substitutions in the terminal carbon (except for L-isoleucine).
Remarkably, added L-serine is not an inducer for L-serine deaminase especially since intact cells are permeable to this amino acid, as shown by ammonia production. No support for any hypothesis is available to explain this point at present. The requirement for glycine and L-leucine (or related compounds) for L-serine deaminase induction is of a specific sort since these amino acids do not stimulate growth or formation of D-serine deaminase, nor even is induction of L-serine deaminase by D-serine stimulated by L-leucine. Previously, specific requirements of amino acids have been demonstrated for enzymes involved in formate metabolism (Billen and Lichstein, 1951; Pinsky and Stokes, 1952) and in glycolysis (Gary et al., 1954 Monod and Cohn (1952) list such compounds for the f3-galactosidase system and have used these data to argue against an active role of the enzyme in the induction process. Similar situations exist in regard to D-and L-serine deaminases. D-Threonine is a fairly good substrate for D-serine deaminase, but it is not an inducer; however, it has a small affinity for the enzyme forming system, similar to its affinity for the enzyme compared to D-serine, as shown by its low ability to inhibit induction. Similarly, L-serine is a poor inducer of L-serine deaminase, and it does not inhibit induction by glycine or D-serine.
The opposite situation-of inducers with low affinity for the enzyme-is not as clearly shown. Glycine, D-serine, and L-leucine, which aid formation of L-serine deaminase, are not substrates of this enzyme; however, the first two compete fairly effectively with L-serine for the enzyme as shown by their inhibitory action on activity. This inhibition is greater than that shown by glycine or L-serine for D-serine deaminase activity.
The criterion for deciding that two enzyme activities are caused by the same or different enzymes is unlike that usually applied. Commonly, in attempting to decide such a question properties of the enzyme activities are compared. In the present case it is the separation of formation of enzymes that is utilized, and this may prove a generally useful technique.
